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(57) Novel rapid-acting human insulin analogues are provided 

having less tendency to self-association into dimers, tetrarrers 
hexa;r,ers, or polymers. The novel human insulin analogues are 
forced by substituting one or more of the amino acid residue, of 
human insulin with naturally occuring amino acid residues T^e 
amxno acid residue substitutions are preferably more hydrophilic 
than the natural amino acid residue at the respective position in 
the ..olecule. Furthermore, the insulin analogues have the same 
charge or a greater negative charge at neutral pH than that of 
human insulin. Preferred amino acid substitutions are Asp, Glu 
Ser, Thr, His, and He, and more preferred substitutions are ^sp 
and Glu. The novel insulin analogues can be used for the 
preparation of rapid-acting insulin solutions. 
Claim 

1. Rapid acring h-amar. ir.sulm analogues, characterized 
n that thev have 
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B- chain 

wherein the X's are th-=T a.Tino ecid residues of human insulin or 
the same or different a-ino acid residue substitutions, the net 
function of which is to irr.part to the molecule the same charge or 
a greater negative charge at neutral pH than that of human 
insulin, with the proviso that at least one X is different from 
the amino acid residues of hum a. insulin at the respective 
positior. in the insulin rr.olecule and that when X in position A(8) 
is His or Phe, X in pcsincn A: 22; is Asp, X in position E(5) is 
Ala, X m position E(?: is Leu, /. in position B{10) is Asn or- Leu, 
X in pcsi'_ion B ( 1 2 ; is A:?n or >: m position B(26} is Ala, then at 
least one of thv re^aininc X * s are different from the amino acid 
residues Df hurr.nn ir.sulm at the respective position in the 
insulin molecule and witn r'ne furrher proviso that one or more 
amino acid residues may hfi/e been removed from the N- and/or C- 
termir^al ends of the A- and/or E-chain. 
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12. A method for the preparation of human insulin 
analogues according to claim 1, wherein a biosynthetic precursor 
of the general formula 11 
A-chain 
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n 

B - chain 

wherein is a peptide chain with n naturally occuring amino acid 

residues, R is Lys or Arg, n is an integer from 0 to 33, m is 0 or 
1, and the X's are defined as above with the proviso that the 
peptide chain "Q^-R* does not contain two adjacent basic amino 

acid residues is reacted with an L-threonine ester in the presence 
of trypsin or a trypsin derivative followed by conversion of the 
obtained threonine ester of the human insulin analogue into the 
human insulin analogue by known methods. 
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ABSTRACT 

Novel rapid-acting hurnain insulin analogues are provided having less 
tendency to self-associat loa into d1mers» tetramers, haxamers, or 
polymers. The novel human insulin analogues are formed by substituting one 
or more of the amino acid re.sidues of human insulin with naturally occuring 
amino acid residues. The amino add residue substitutions are preferably 
more hydrophilic than the natural amino. acid residue at the respective 
position in the molecule. Furthermore, the Insulin analogues have the same 
charge or a greater negative charge at neutral pH than that of human 
insulin. Preferred amino acid substitutions are Asp, Glu, Ser, Thr, His, 
and He, and more preferred "substi tutions are Asp and Glu. The novel 
insulin analogues can be used for the preparation of rapid-acting insulin 
solutions . 



The present invention relates to novel human insulin analogues 
characterized by a rapid onset of effect on subcutaneous injection and to 
injectable insulin solutions containing such insulin analogues and to 
methods for the preparation of the novel insulin analogues. 

BACKGROUND OF THE INVENTION 

In the treatment of Diabetes mellitus many varieties of insulin 
preparations have been suggested to the art. Some of these preparations 
are rapid-acting and others have a more or less prolonged action. 

Rapid acting insulin preparations may be used in acute situations, 
such as hyperglycemic coma, during surgery, during pregnancy, and In severe 
infections- Furthermore, multiple, dally injections of rapid-acting 
insulin preparations may improve control In diabetics who have proved 
difficult to control with longer-acting insulin. 

In the recent years there has been an increasing interest in an 
insulin treatment which approaches the insulin secretion from the 
beta-cells of the healthy organism. I.e. supply of insulin in connection 
with meals and maintenance of a basal insulin level. Clinical 
investigations have shown that diabetics can obtain nearly normal insulin 
and glucose concentrations by means of one dally injection of Insulin with 
prolonged action to cover the basal need, supplemented with Injections of 
smaller amounts (bolus) of rapid-acting insulin before the main meals. 

-Rapid-acting insulins are also used in mixtures with Intermediate and 
long-acting insulins for treatment of diabetics requiring a stronger 
initial effect in addition to the delayed action of intermediate and 
long-acting Insul ins . 

Finally, rapid-acting insulin Is used in continuous insulin delivery 
systems. . 

By subcutaneous injection of rapid-acting insulin solutions an 
initial delay in absorption has ceen observed (Binder, Diabetes "^are, 7. Nv 
2 (1984), *n8-r?S;. P deay r..o::^'P t ' on resu'r'.pj \n a slower or-,f,: 
'1a/65lP -■ 



of action is however undesirable when a strict metabolic control is aimed 
at. Mixing of rapid-acting insulin solutions with longer-acting insulin 
preparations may furthermore result in reduced rate of absorption of the 
rapid-acting insulin. 

Accordingly, there is a need for rapid-acting insulin solutions with 
a faster onset of action upon subcutaneous Injection and an improved 
miscibility with protracted insulin preparations. 

A further drawback of known rapi d-acti ng i nsul i n solution is the 
tendency of insulin'to fibrillate and precipitate out in the insulin 
solutions used for continuous insulin delivery thereby obstructing 
mechanical parts and delivery catheters. 

Finally there is a need for alternative insulin preparations for the 
treatment of patients resistent to normal insulin. 

It is the object of the present invention to provide novel rapid- 
acting insulin solutions with one or more of the following improved 
properties: 

1) faster onset of action by subcutaneous injection or other routes 
of administration 

2> improved mi sci bi 1 1 ty w1 th protracted insulin preparations 

3) reduced tendency to fibrillation when used in implantable 
delivery systems, and 

4) usable for the treatment of resistent patients (low affinity for 

preexisting antibodies). 

The objectives of this invention are achieved with injectable aqueous 
solutions of the novel human insulin analogues hereinafter described. 

A large number of insulin analogues have been described in the past. 
Marki et al / (Hoppe-Seyler * s Z. Physiol .Chem. , 350 (1979), 1619-1632) 
describe synthesis of analogues of human insulin that differ from human 
insulin in the replacement of a single amino acid in positions 2. b, 6. 1, 
8 and 11 of the A-chain and 5, 7. =3. and 15 of the B-chain affording new 



insights into the intriguing structure-activity relationship of insulin. 
Further studies modified the major receptor binding area in insulin 
(B(22)-B(26>) to investigate the impact of such mutation on the receptor 
binding activity. The known human insulin analogues will, however, not 
exhibit the properties desired by the inventors hereof. 

It is known that sulphated insulins have a substantially lower 
tendency to fibrillation (Albisser et al . . Desired Characteristics of 
insulin to be used In infusion pumps. In: Gueriguian J.L. et al . . eds. US 
Pharmacopelal Convention. Rockwille. Maryland, pp. 84-95) and exhibit a low 
antigenicity. Sulphated insulins are. however, a heterogeneous mixture of 
at least nine different insulin derivatives containing on average 4.5 
•.ulphate ester groups per molecule. Sulphated insulins have furthermore a 
reduced insulin activity, being about 201 of the activity of native 
insulin. A further drawback of sulphated Insulins as compared to native 
insulin is that they needlessly contain amino acid residues which are 
chemically modified, i.e. amino acids which do not occur naturally. 

It is therefore a further object of the present invention to provide 
insulin analogues which are homogeneous, have a higher biological activity 
than sulphated Insulins and which furthermore preferably only contain 
naturally occuring amino acids. 

By "insulin analogues" as used herein is meant a compound having a 
molecular structure similar to that of human insulin including the 
dlsulphide bridges between A<7>Cys and B(7)Cys and between A(20)Cys and 
B<19)Cys and an internal dlsulphide bridge between A<6)Cys and AdDCys and 
with Insulin activity. 

SUMMARY OF THE INVENTION 
The present invention is based on the surprising fact that certain 
Insulin analogues, in which at least one of the amino acid residues cf 
human insulin has been substituted with naturaHy occuring amino acid 
residues, exhib'. t- ihe de*: i red -dP-cJ acting acri/^ty. 



In its broadest aspect the present invention provides novel, 
rcip:rl-act*.ng hunan insulin analogues formed by substituting one or more of 
the amine acid residues of human insulin with naturally occuring amino acid 
residues giving rise to less self-association into dimers, tetramers. 
hexamers» or polymers, and having the same charge or a greater negative 
charge at neutral pH than that of human insulin. 

To provide a reduced tendency to self-association into aimers, 
tetramers, hexamers, or polymers certain residues of human insulin are 
preferably substituted with other amino add residues being more 
hydrophilic than the natural amiho acid residue at the respective position 
in the molecule. Also, at certain positions in the Insulin molecule 
substitution with a more bulky amino acid residue will give rise to a 
reduced tendency of t .a Insulin molecules to associate Into dimers. 
tetramers, hexamers or polymers. 

More specifically the present Invention provides novel insulin 
derivatives with the following general formula (I): 



wherein the X's are the amine acid residues numan insulin. or the same of 
different amino acid residue substitutions, the net function of which are 
to impart to the nrio'iecule the same charge or a g^-eater negative charge at 
neutral pH than that of human insulin, with the proviso that at least one X 
is different from the amino acid residues of human insuiin at t^e 
respective position In the Insulin molecule and th^t •^nen X in position 
A(8) is His or Phe . X in position A(2!) is Aso, X in DOs:rion 3(5> ' a . 

X In posi'i:ion 8(-9) is Leu. X in position 5(10) is Asn or Leo, X in po^^^t^on 
6(12) is Asn or X in position B(26) is Ala. then at least one of tne 
remaining X's are different from the amino acid residues of human insuMn 
at the respective position ^r. the insulin molecule, and with the further 
proviso that one or more amino acid residues ma^' have been remcvea from the 
N- and/or C- terminal ends of the A- and/or B-chaln. 

Preferably at least a. majority of the amit.o acid residue substitutions 
are more hydrophilic than the amino acid res^cue at the corresponding site 
^n the human insulin molecule and more preferably all amino acid residue 
substitutions are more hydrophllic than the corresponding human insulin 
amino add residues. 

With respect to hydroph i 1 1 c1 ty reference is made to C. Fromme', J. 
Theor. Biol, im (1984), 247-260 (table 1). 

With reference to the above formula I preferably not more than aoout 
7 of the X's are different from the amino acid residue at the corresponding 
position In the human Insulin molecule. More preferred are 2-4 
substitutions. 

PREFERRED EMBODIMENTS OF THE INVENTION 
The amino acid residues substitutions are preferably chosen among the 
group consisting of Asp, Glu, Ser, Thr, His. and lie and are more 
preferably negatively charged amino acid residues, i.e. Asp and/or Glu. 

The novel "^uman insulin ana*:'^je may prefera^;;, cor^ta'-n Asp 3r:c/o-* 
Glu instead o" o^-^ rjr -ncre \re -•/■:: :.*/ 5fr:To bz'''Z\. ^ ^'-nan '"rij'-'-' . * 



instead cf one or itk>''9 G:n ar.c Asr o*^ numari 'nsu*''^'. 

The neve'' human insuli" analogues 'nay f j-* ther.Tc-re p-e^e^-ablv contain 
Ser and/or Thr Asp and/or Glu insrea-:i of one o;* Tcre of tne amino acid 
residues of human insjiin ultn an aHphatic ano/or arcmati': side chain. 

The nove' human insuiin analogues may ai^o oreferaG'y conta'-r His 
instead of one more of the amino acid residues o.* human insulin with an 
a'ip.ia:'c nna'cr aromatic sice cha'^n or insteac ore Tier"? t^.? 
hydroxy amino acids of human insulin. 

Preferred sUes of substitutions are at the sites B9. 310. 512, B26. 
10 827, ano 828. preferably 89, 812, 827, and 828, in which positions one 
substitution can be sufficient for obtaining a reduced tendency to 
self-association and a .7>ore rapid-action by administration. 

Tne amino acid resMue substitution ^n posU^on 89 may be chosen from 
the group consisting of Asp, P'rc, Clu, He, Lau. Val, His. Thr, Gin, Asn, 
Met, Tyr, Trp and Phe and mere preferably from the group consisting of Asp, 
Glu, G'n, Asn, and s . 

am'.-^o acid res^cue substitution in position 812 may be chosen 
from the group consisting cf He and Tyr. The amine add residue 
substitution in position 810 may be chosen from the group consisting of 
20 Asp. Arg, Gtu. Asn, and Gl. and in positions 325. 827. and 828 tht amino 
add residue suds 1 1 tutions are preferably Aso cr G<u. 

In the remaining positions of th? insu''r. mclecuie at least two 
substitutions (preferab'.y in combination witr. me acove mentioned 
positions) seem to be necessary to obtain the imorcved properties. In 
these positions substitutions may be made as ^j'\o^z: 



SEP/ja/es^^^ 



Pcsi t: 


r r P f e - 




i fTi i n 


• a w - 0 


"residue < 


: UDS . 


i tions 






AS 


■ s . 


G ■ y . 


*o ♦ n . 


' J ! U . 


Ser. 


Asn , 


Asp. 


Pro 








A9 


G'y , 


Aso . 


G u . 


r n r , 


His. 


Gin, 


Asn. 


Ala. 


Pro 






AlO 


Leu . 


n ^ ^ 


V a I . 


H S . 


Aid, 


Glu, 


Asp. 


Thr. 


Gin. 


Asn 




Al 3 


P ro . 


Va 1 , 




H : s , 


Ala. 


Glu, 


Asp , 


Thr. 


Gly. 


Gin, 


A'n. Asn 


A^L 1 


A t p - 


G * 'J 
























^?P . 




5er 


















. ^ , 


s , 


Ala. 


G 1 u , 


Asp , 


ihr , 


Pro . 


Gly, 


Gin. 


Ser . 


Asn 


B5 




ASD , 


Thr , 


Ser , 


Gin, 


Asn 












B'4 


Gl»j, 


Asp , 


Asn . 


Gin, 


Ser, 


Thr, 


Gly 










B]6 




Giu, 


Gin, 


Asn , 


Ser, 


Thr, 


His. 


Arg 








817 




Thr , 


Asn . 


Gin. 


Glu, 


Asp, 


His 










318 


Ser 


Thr. 


Asn . 


Gin, 


His 














820 


Gin 


Ser. 


Asn , 


Asp, 


Glu. 


Arg 













Further preferred compounds of the present invention are insulin 
analogue-! in which substitutions are at the following sites: B27 , B12, 89, 
•827*89), (B27^A21), (B27*5i2). (B12+A21). (B27+B17), (B27+A13), (B27+B15), 
(B27*A]0). (B27+B28). (827^826). (B27+B10). (827+81), (827+62). (827+85). 
'B27+BM;. (B27+E18>. (327+820), (B12+B17), (B12+A10), (B12+A13), (B12+S16). 
(Bic-Bl), (B12+B2). (B12*S5). (B12+BI0). (812. +826). (812+B28). (89+B17), 
(B9+A13>. {69-r816), (B9+.*8), (B9+A9), (B9+A10), (89+81), (B9+B2). (89+85). 
(89+310), (6S+B12). (B9+814). (89+828). (89+818). (89+820). (89+826). 
(B27+B9-rA21 ) , (B9+B27^A8) ( 327 + 31 2 + A2 1 ) . (B27 + B1 2 + B9) . ( Bg + Bl 2 + B27 + B1 7 ) , 
(B9^312^e27-A13; . (89+312*B27rB16) and ( Bi 2+Bl 5+Bl 7+B27+A1 C+Al 3) . 

Preferred embodiments of the above formular I are as follows: 
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In which the X's are defined as above. 

Referring to formula I other preferred insulin analogues according to 
the present invention are such in which X in position 827 Glu. X in 
position 812 is lie or Tyr . X in position A21 is Asp and in position 827 is 
Glu. X iP position 89 is Asp. X in position A21 and in position sg is Asp 
and in position 827 is Glu. X in position AS is His, in position 59 is Asp 
and in position 827 is Glu. X in position 810 is Asp. X in aosition B2S 
Asp. or X in position 89 is Asp and in position 827 is Glu. 

According to a second aspect of the present invention there are 
provided .injectable solutions with Insulin activity. The injectable 
Insulin solutions of this invention contain the human insulin analogues 
described above or a pharmaceuti cally acceptable salt thereof in aqueous 
solution preferably at neutral pH. The aqueous medium may be made isotonic 
;^ by addition of for example sodium chloride and glycerol. Also buffers. 

such as an acetate or citrate and preserve ti ves . such as m-cresol . phenol 
•.: or methyl 4-hydroxy benzoate m5-y be added. The insulin solutions may 
furthermore contain zinc ions. 

The human Insulin analogues of this invention may be substituted for 
human or porcine Insulin in the rapid acting insulin solutions heretofore 

» 

20 known to the art. 

PREPARATION OF THE INSULIN ANALOGUES 
'^^ts'' advent of the recombirant DNA-technology the possibilities 
*: for the protein engineering has become to be enormous. By the socalled 
;. site specific mutagenesis technique it is possible to alter a gene coding 
for a naturally occuring protein by substituting any one or more of the 
codons in the native gene with condon(s) for other naturally occuring amino 
acid(s). Alternatively the modified gene may be made by chemical 
synthetesis of the total DNA-sequer^ce by well known technique. The purpose 
of sucf. manipulation of a gene for a natural protein will tyoicaMy be to 
alter the properties of the natural o.-ot:9 = .-. in one cr anor-.-- j.i=r,c:? 
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di rect ion . 

The novel insulin analogues may be prepared by altering the 
prolnsulin gene through replacement of codon(s) at the appropriate s^te in 
the native human proinsulln gene by codon(s) encoding the desired amino 
acid residue subs t1 tuteC s ) or by synthesizing the whole ONA-sequence 
encoding the desired human insulin analogue. The novel modified or 
synthetic gene encoding the desired insulin analogue '^z tnen inserted into 
a suitable expression vector which when transferred to a suitable host 
organism, e.g. E. col 1 , Bad 1 lus or a yeast, generates the desired 
product. The expressed product is then Isolated from the cells or the 
culture broth depending on whether the expressed product is secreted from 
the eel 1 s or not. 

The novel insulin analogues may also be prepared by chemical 
synthesis by methods analogue to the method described by Mark^. et al . 
(Hoppe-Seyler* s Z. Physiol. Chem. , 360 (1979), 1619-1632). They may also 
be formed from separately In vitro prepared A- and B-chalns containing the 
appropriate amino acid residue substitutions, whereupon the modified A- and 
B-chalns are linked together by estabHshinq disulphide bridges according 
to known methods (e.g. Chance et al.. In: Rick OH, Gross E (eds) Peptides: 
Synthesis - Structure - Function. Proceedings of the seventh American 
peptid symposium, Illinois, pp 721-728). 

The novel insulin analogues are preferably prepared by reacting a 
blosynthetic precursor of the general formula II: 
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wherein Op is a peptide chair, with n natural' / Dccurir.g a:n;r:o acij 

residues, R Is Lys or Arg, n i s an integer from 0 to 33, m is 0 or 1, and 

the X's are defined as above with the proviso that the peptide chain 

-Op-R- does not contain two adjacent basic amino acid lesidues, with an 

L-threonine ester in the presence of trypsin or a trypsin derivative 

followed by conversion of the obtained threonine ester of the human insulin 

analogue Into the human insulin analogue by ^nov.'n metnoos. This sccalieci 

"transpeptidation" reaction is described in US patent specification No. 

4,343.898 (the disclosures of which are incorporated by reference hereinto). 

10 By the transpeptidation reaction the bridging -(0 -\ ) - between 

n m 

amino acid 29 in the~ B chain and amino acid 1 In the A chain is excised an 
a threonine ester group Is coupled to the C terminal end of B29Lys. 

'fhe precursors of the above formula II may be prepared by a method 
analogue to the method described In EP patent application No. 0163529A the 
disclosure of which is Incorporated by reference hereinto. By this method 
a ONA-sequence encoding the precursor In question is inserted in a suitable 
exoression vehicle which when transferred to yeast is capable of expressing 
and secreting the desired compound with correctly positioned disulphide 
bridges.- The. expressed product is then Isolated from the culture broth. 
2f) The present Insulin analogues may also be p-epared by reacting a 

biosynthetic precursor of the general formula III: 



S3R/1a/65^P 



wherein S and T are each Lys cr Arg and the X's are defined as above, in 
aqueous solution with trypsin and carboxypept i dase 8 and recovering the 
human insulin analogue from tne reaction solution. 

The precursors of the above formula III may be prepared by a method 
analogue to the method described !n EP patent application No. 86302133.3 
the disclosure of which is incorporated by reference hereinto.' By this 
method a .DNA-sequence encoding the precursor is inserted into a suitable 
yeast expression vehicle which when transferred to yeast is capable of 
expression and secretion of the exoressed proauct with correctly positioned 
10 disulphide bridges into the culture medium. 

According to a third aspect of the present invention there is 
provided a method for producing of the novel insulin analogues by which 
method a yeast strain containing a replicable expression vehicle comprising 
a DNA-sequence encoding a precursor of the insulin analogue is cultured in 
y. a suitable nutrient medium, and the precursor is recovered from the culture 

medium and converted Into the novel insulin analogue by enzy.-natic and 
:..* chemical in vitro conversion. 

The present invention is also directed to novel precursors of the 
novel Insulin analogues. ONA sequences encoding such novel precursors 
^ expression vehicles containing such DNA-sequencec and yeast strains 

transformed with such expression vehicles. 
*.; MODIFItD INSULIN ANALOGUES 

**• """^^ present inention is contemplated to comprise certain derivations 

..^ - or further substitutions of the Insulin analogues provided that such 

derivations or further substitutions have no substantial impact on the 
above-described goal of the invention. It is accordingly possible to 
derivate one or more of the functional groups in the amino acid residues. 
Examples of such derivation i s eer se known conversion of acid groups in 
the insulin molecule into eir^r or amid groups, conversion of alcoh.-!- 
groups into al.Ko<y groups vie, ve^ss. and sei-r-ve deamidation. ,r. 
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example A21Asn may be deamidated into AZlAsp by hydrolysis in acid medium 
or 83Asn may be deamidated into B3Asp in neutral medium. 

It is furthermore possible to modify the present insulin analogues by 
either aduing or removing amino acid residues at the N- or C-termina1 
ends. The i nsul i n analogues of the present invention may lack up to four 
amino acid residues at the N-terminal end of the B-chain and up to five 
amino acid residues at the C-termina1 ep.ci of the 8-chain without 
significant impact on the overall properties of the insulin analogue. 
Examples of such modified insulin analogues are insulin analogue lacking 
the BlPhe or the B30Thr amino acid residue. 

Also, naturally occuring amino acid residues may be added at one or 
more ends of the polypeptide chains provided that this has no significant 
influence on the above-described goal. 

Such deletions or additions at the. ends of the polypeptide chain of 
the present insulin analogues may be exercised Iq v1 tro on the Insulin 
analogues with amino acid substitutions according to the present 
invention. Alternatively the gene for the novel Insulin analogues 
according to the present invention may be modified by either adding or 
removing codons corresponding to the extra amino acid residues or lacking 
amino acid residues at the ends of the polypeptide chain, respectively. 

TERMINOLOGY 

The abrevlatlons used for the amino acids are those stated In 
J.BIol.Chem. 243 (^^68), 3558. The amino acids are in the L configuration. 

As used in the following text 8(1-29) means a shortened B chain of 
human Insulin from BlPhe to B29Lys and A(l-21) means the A chain of human 
Insulin. 

The substitution(s) made In the human Insulin molecule according to 
the practice of the invention is<are) indicated with a prefix reference to 
human insulin. As an example 827Glu human insulin means a human insuli'* 
analogue wherein Giu nas oeen siibs t i :u :ed for Thr in po'^ ■ ^ ^ - 



chain. 627G1u,69Asp human insuHn means a human insulin analogue wherein 

Glu has been substituted for Thr in position 27 in the B chain and Asp has 

been substituted for Ser in position 9 in the 8 chain. B27Glu,B( l-29)-Ala 

Ala-Lys-A( 1-21 ) human insulin means a precursor for the insulin analogue 

(see formula II) wherein Glu has been substituted for Thr in position 27 i 

the shortened B chain (see above) and wherein the B( 1 -29)-chai n and the 

A-chain (A(l-21)) are connected by the peptide sequence Aia-Ala-Lys. 

Unless otherwise stated it Is to be understood that the B(l-29) chain and 

A(l-21) chain are connected by disulphide bridges between A(7)Cys and 

B(7)Cys and between A(20)Cys and B(19).Cys, respectively, as in human 

insulin and that the A chain contains the internal disulphide bridge 

between A(6)Cys and AdDCys. 

EXPLANATION OF THE. INVENTION 

As has already been pointed out, the objective of this invention is 

to provide rapid acting Injectable Insulin solutions. In effort to meet 

this objective, the Inventors hereof recognized first and foremost that 

considerable differences exist between Insulin in a depot or bolus and 

insulin In the circulation, including notably a completely unavoidable 

difference in Insulin concentration. Specifically, insulin in the 

1 1 -ft 

bloodstream Is highly dilute, being 10" to 10 M and Is in monomer 
form, with possibly some Insulin being in dimer form. The much .-nore 
concentrated insulin stored in the B-cell granule of pancreas and in the 
usual administerable solution Is largely, if not principally. In the 
non-active hexamer form, for example, as the well-Known 2 zinc hexamer. 

Human insulin In solution is known to exist in many molecular forms, 
namely, the monomer, the dimer, the tetramer and the hexamer (Blundell et 
al. In Advances In protein Chemlst.'-y, Academic Press. New York and London, 
Vol. 26, pp. 279-330. 1972), with the oligomer forms being favored at high 
insulin concentrations and the monomer being the active form of irisu^ln. 
The tetr amer and heAarre-' a: e riot active fornix, t^-: everi the a'-^-^ ' n}a . nor 



be active. The concept underlying this invention is the inventor's belief 
that the art recognized delayed absorption phenomena (Binder. Diabetes Care 
7, No. 2 -(1984). 188-199) Is in some large part attributable to the time 
required for the Insulin to disassociate from hexamer, tetramer and dimer 
form into the (active) monomer form. 

The human Insulin analogues of this Invention achieve their rapid 
action through a molecular structure not readily susceptible of dimer. 
tetramer, hexamer, or polymer formation, i.e. with a reduced tendency to 
self-associate into dimers, tetramers, hexamers, or polymers with or 
without the presence of zinc Ions. ^ 

It has long been recognized from the considerable species-to-species 
differences In amino acid sequence which exist in insulin that not all of 
the amino acid residues present In the Insulin molecule are crucial to 
insulin activity, and that some of the amino acids not essential to insulin 
activity are Important to the physical properties of the insulin molecule. 
Indeed, guinea pig insulin Is known to be Incapable of dimerlzlng. 
Sulfated Insulin and tetranitro tyrosine Insulin do not dlmerize. Thus, 
many of the amino acid residues In the human insulin molecule may be 
changed without substantial decrease In ?nsu11n activity. The amino acid 
stbstltutlons In the human Insulin '^olecule herein contemplated are 
directed to preventing formation of dimers, tetramers. hexamers. or 
polymers without destroying the insulin activity. 

The amino acid residues In the positions in the A chain and the B 
chain of Formula I where substitutions may be made are not crucial to the 
insulin activity, but they are Inportant to the capability of human insulin 
to aggregate into dimers, tetramers, hexamers, or polymers, or for the 
solubility of the human Insulin. The present amino acid residue 
substitutions Interfere with the atom-to-atom contacts between adjacent 
insul in molecules that fecir.tates .iggreqation into dimers. tetramers.' 
hexamers or polyne'S. 



As might be expected for substitution purposes, changes in certain 
positions in the human insulin molecule are more effective than others. By 
and large, a single substitution made in the B-chain may be sufficient to 
lessen the self-associating tendency, whereas at least two changes of other 
residues may be required. The substitutions in the A-chain mainly serve to 
improve the solubility of the dissociated molecule. Preferred positions 
for making amino acid re'sioue substitutions are 89. 812. 810. B25. B27. and 
B28 alone» in combination with each other or together with substitutions 
elsewhere in the insulin molecu'e as indicated in formula I. 

Manifestly, substitution of one or more negatively charr^ed amine acid 
residues for an uncharged or positively charged amino acid residue is to 
make the charge of the human insulin analogue more negative at neutral pH 
and lower the isoelectric point vis a vis human insulin. 
Character! stical ly, the human insulin analogues of this invention have the 
same or a more negative charge (at neutral pH) and a lower isoelectric 
point than human Insulin. 

By and large, from 1 to 3 substitutions will achieve the immediate 
objectives of this invention, namely, provide a more rapid action insulin, 
and such do const titute preferred modes of the invention. By using 2-3 
substitutions an improved miscibllity with protected Insulin preparations 
may be achieved. However, it is believed advantageous that the Immediate 
objectives of this invention can be achieved, also, through a greater 
number of substitutions than three, since desirable secondary objectives 
may be achieved thereby. 

In particular, an additional level of substitution, say presence of 4 
or 5 substitute amino acid residues, may result in a human Insulin analogue 
that also is less subject to fibrillation, or interface polymerization, a 
characteristic particularly desirable when the insulin solution is intended 
for continuous infusion. By and large, not more than about 7 substitutions 
in the insulin molecule are contemplated for the human insulin analo-^ue of 



this Invention. Preferred are 2-4 subs ti tutions . 

DETAILEP jESCRIPTION 
Genes encoding the precursors of the present insulin analogues can be 
prepared by modi fi cation of genes encoding the above insulin precursors 
with formula (ID (or III) in which all X*s are the amino acid residues of 
human insulin by site specific mutagenesis to insert or substitute with 
codons encoding the cJesired mutation. - A DNA-sequence encoding ^-ho 
precursor of the insulin analogue may also be made by enzymatic synthesis 
from oligonucleotides corresponding in whole or part to the Insulin 

10 analogue precursor gene 

DNA-sequences containing a gene with the desired mutation of the 
insulin gene are then combined with fragments coding for the TPI promoter 
(TPIp) (T.Alber and G. Kawasaki. Nucleotide Sequence of the Triose 
Phosphate Isomerase Gene of Saccharamyces cerevislae. J. Mol. Applied Genet. 
1 (1982) 419-434). the MFal leader sequence (J. Kurjan and I. 

[]* Herskowitz.. Structure of a Yeast Pheromone Gene (MFal): A Putative 
a-Factor Precursor Contains four Tandem Copies of Mature a-Factor. 
Cell 30 (1982) 933-943) and the transcription termination sequence from TPI 
OF S.cerevi siae (TPI^). These fragments provide sequences to ensure a 

20 high rate of transcription for precursor encoding gsne and also provide a 
presequence which can effect the localization of precursor into the 

• secretory pathway and its eventual excretion into the growth medium. The 

expression units are furthermore provided with the yeast 2\x origin of 
replication and a selectable marker, LEU2. 

« 

*• During In vivo maturation of a-factor in yeast, the last 

\ (C-termlnal) six amino acids of the MFal leader peptide 

(Lys-Arg-Glu-Ala-Glu-Ala) are removed from the a-factor precursor by the 
sequential action of an endopepti dase recognizing the Lys-Arg sequt^nce and 
an ami nodipeptidase which removes the Glu-Ala residues (Julius. 0. e*. aK 
30 Cell 32 (1983) 839-852 ). (q eliminate the need Tot the .vast 



dminodipeptldase, the sequence coding for the C-terminai Gl u-Al a-G^ u-Al a of 
the MFal leader was removed from the MFal leader sequence by in vitro 
mutagenesis. In the following text *'MFal leader*' means the whole leader 
sequence whereas MFal leader (minus Gl u-Al a-Gl u-Al a) means a leader 
sequence wherein the C-terminal Gl u-Al a-Gl u-Al a sequence has been removed. 
E xample 1 

Construction of a synthetic gene encoding B(l-29)-Ala-Ala-L vs -A(l-21 ) hum a n 
insulin 

A yeast codon optimized structural gene for B( 1 -29)-Al a-Al a-Lys-A 
(1-21) human insulin was constructed as follows. 

The following 10 oligonucleotides were synthesized on an automatic 
DNA synthesizer using phosphorami d1 te chemistry on a controlled pore glass 
support (S.L. Beaucage and M.H. Caruthers (1981) Tetrahydron Letters 22, 
1859-1869): 

I : AAAGATTCGTTAACCAACACTTGTGCGGTTCCCAC 

35- mer 

1 1 : AACCAAGTGGGAACCGCACAAGTGTTGGTTAACGAA 

36- mer 

III: TTGGTTGAAGCTTrCTACTTGGTTTGCGGTGAAAGAGGTTTCT 

43-mer 

IV: GTAGAAGAAACCTCTTTCACCGCAAACCAAGTACAAAGCTTC 

42-mer 

V : TCTACACTCCTAAGGCTGCTAAGGGTATTGTC 

32-mer 

VI : ATTGTTCGACAATACCCTTAGCAGCCTTACCAGT 

34-mer 

VII : GAACAATGCTGTACCTCCATCTGCTCCTTGTACCAAT 

37- mer 

VIII : TTTTCCAATTGGTACAAGGAGCAGATGGAGGTACAGC 

37-mer 



IX: TGGAAAACTACTGCAACTAGACGCAGCCCGCAGGCT 

36-mer 

X: CTAGAGCCTGCGGGCTGCGTCTAGTTGCAGTAG 

33-mer 

5 duplexes A-E were formed from the above 10 Oligonucleotides as indicated 
on fig. 1 . 

20 pmole of each of the duplexes A-E was formed from the 
corresponding pairs of 5' phosphorylated oligonucleotides I-X by heating for 
5 min. at 90*=*C followed by cooling to room temperature over a period of 
75 min. The 33-mer (X) in duplex E was not 5 ' -phosphoryl ated in order to 
avoid dimerizatlon around the self complementary Xbal single strand'id ends 
during the ligation. The five duplexes were mixed and treated with T4 
ligase. The synthetic gene was isolated as a 182/183 bp band after 
electrophoresis of the ligation mixture on a 2X agarose gel. 

The obtained synthetic gene is shown in fig. 1. 

The synthetic gene was ligated to a 4 kb Kpnl-EcoRl fragment and a 8 
kb Xbal-Kpnl fragment from pMT644 and a 0.3 kb EcoRl-Hgal fragment from 
pKFN9 to give the following structure TPIp-MFal leader-8(l-29)-Ala- 
Ala-Lys-A(l-21)-TPI^. 

Plasmid pMT644 conta i ns the DNA-sequence TPIp-MFal leader-8( 1-29)- 
A(1-21)-TPr^ and the construction :s described in Danish patent 
specification No. 1293/85. The construction of plasmid pKFN9 is described 
in the fol lowing. 

The ligation mixture was used to transform competent E. col i strain 
(r ,m*) (MT172). 30 ampicillin resistent colonies were transferred co 
plates containing minimal medium M9 (T. Maniat^s et al.. Molecular Cloning. 
Cold Spring Harbor Laboratory. 1982, p. 68) resulting in 8 Leu^ colonies. 
Maxam-Gilbert sequencing of a ^"P-Xbal-EcoRl fragment showed that three 
plasmids contained a gene with tne desired sequence. One plasmid pKFNZ? 
was selected for fuviher use. 



10 



The construction of pKFNZT is Illustrated in fig. 2. 

Constru ction of plasmid pKFN9 

The purpo'^.^ of construction of plasmid pKFN9 was to obtain a plasmid 

containing a Hgal site immediateiy after the MFal-leader sequence. 

Plasmid dMT544 (the construction of which is described in Danish patent 

specification No. 278/85) was cut with Xbal and about 250 bases were 

removed from the 3'ends with ExoIII nuclease treatment. A synthetic 32-mer 

insertion primer GGATAAAAGAGAGGCGCGTCTGAAGCTCACTC containing a Hgal 

sequence was annealed to the partly single stranded DNA. A double stranded 

circular DNA was made by filling in with Klenow polymerase and ligation 

with 14 llgase. After transformation of E. col i (r'.m*^) (MT 172? 

colonies containing mutated plasmid were identified by colony hybridization 
32 

with 5'- P-labelled 32-mer Insertion primer. The occurence of a new 
Hgal site was confirmed with restriction enzyme cutting (EcoRl+Hgal, 
Hind3+Hgal). After retransformation a "pure" mutant pKFN9 was selected for 
further use. The construction of pKFN9 is illustrated in fig. 3. 

• * 

* Example 2 

Preparation of B27Glu human insulin 

B27G1U human insulin was prepared by transpeptldation of 
20 B27G1u,B(l-29)-Ala-Ala-Lys-A(l-21) human Insulin with Thr-OBu^ and 

acidolysis of the obtained threonine ester with trif luoracetic acid. The 
preparation consisted of the following steps: 

L Construction of a gene encoding B27 Glu. B(l-29)-A 1a-Ala~Lvs-AC!-?1 ) 

• ' 

1 n^ul i n 

Plasmid pKFN27 was linearized in the unique Xbal site just downstream 
of tne synthetic Insulin precursor gene. In order not to destroy the Xbal 
site by the filling in step described below a 19-mer H1nd3-Xbal double 
stranded 1 1 nker 
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Xbal Hind 3 

CTAGAAGAGCCCAAGACTA 

TTCTCGGGTTCTGATTCGA 
was ligated to each end of the linearized plasmid. The linker was 
5'-phosphorylated at the Xbal single stranded end but was left 
unphosphory 1 ated at the H1nd3 end, thereby avoiding polymerization of the 
linker during the ligation step and c i rcu 1 ar 1 zat ion of the DNA, see fig. 4. 

5*-mononucleotides were removed from the 3'-ends of the obtained 
linear double stranded DNA by means of ExoIII nuclease traatment. The 
10 ExoIII nuclease treatment was performed at 23°C under conditions vhere 

about 250 nucleotides were removed from each 3'-end of the DNA (L. Guo and 
R. Wu (1983), Methods in Enzymology 100, 60-96). 

A 5'-phosphorylated 25-mer mutagenesis primer dCGTTTCTTCTACGAACC 
TAAGGCTGC) was anealedto the mutation site. After filling 1n with Klenow 
polymerase In the presence of T4 ligase the double stranded DNA was 
digested with Xbal. Then heteroduplex circular DNA with the mutation In 
one strand was formed with T4 ligase. 

The ligation mixture was transformed into E. col 1 (r'.m'*') (MT172) 
selecting for amplclllin resistance. 
20 Mutants were Identified by colony hybridization with the 

5'-32P-labened L5-mer mutagenesis primer. After retransformatlon plasmid 
pKFN37 from one of the resulting colonies was shown to contain the desired 
mutation by DNA sequencing of a 0.5 Kb Xbal-EcoRl fragment (A. Maxam and W. 
Gilbert (1980) Methods in Enzymology 65. 499-560). 
II . Transformation 

3. cerevlslae strain MT663 (E2-7B X E11-3C a/a, Atpl /Atpi , pep 
4-3/pep 4-3) was grown on YPGaL (1% Bacto yeast extract. 2% Bacto peptone, 
2% galactose. 17. lactate) to an ODg^^^^ of 0.6. 

100 ml of culture was harvested by centrifugation, washed with 10 ml 
30 of water, recen tr i f uged and resuspended in 10 ml of i.2 M sorbitol. 2S -"^'-i 
^.^BR7^/65 1P - 27 - 



Na^EOTA pH = 8.0/ 5.7 mg/ml di thiotrei tal . The suspension was incubated 
at 30*^C for 15 minutes, centrifuged and the cells resuspended in 10 rr.l of 
1.2 M sorbitol 10 mM Na2EDTA, 0.1 M sodium citrate pH = 5.8. 2 mg 
Novozym® 234. The suspension was incubated at 30°C for 30 minut?s the 
cells collected by centrifugation, washed in 10 ml of 1.2 M sorbitol and in 
10 mi of CAS (1.2 M sorbitol. 10 mM CaCl^* 10 mM Tris (Tris = Tris(hy- 
droxymethyl )-ami nometar.) pH = 7.5) and resuspended in 2 ml of CAS. For 
transformation 0.1 ml of CAS-resuspended cells were mixed with 
approximately 1 pg of plasmid p<FN37 and left at room temperature for 15 
minutes. 1 ml of 20% polyethylenglycol 4000, 10 mM CaCl^. 10 mM Tris pH= 
7.5 was added and the mixture left for further 30 minutes at room 
temperature. The mixture was centrifuged and the pellet resuspended in 0.1 
ml of SOS (1.2 M sorbitol, 33% v/v YPGaL. 6,7 mM CaCl^, 14 pg/ml 
leucine) and incubated at 30^C for 2 hours. The suspension was then 
centrifuged and the pellet resuspended In 0.5 ml of 1.2 M sorbitol. 5 ml 
of top agar (the SC medium of Sherman et al.. (Methods in Yeast Generics, 
Cold Spring Harbor Laboratory, 1981) with leucine omitted and containing 
1.2 M sorbitol plus 2.5% agar) at 52*^C was added and the suspension 
poured on top of plates containing the same agar-sol idif ied. sorbitol 
containing medium, Transformant colonies were picked after 3 days at 
30°C, relsolated and used to start liquid cultures. One such 
transformant KFN40 (=MT6o3/pKFN37) was chosen for further character 1 zatior 
III: Expression of B27Glu, B( 1 -29)-A1 a-Al a'-Lys-A( 1 -21 ) insulin precursor 

Yeast strain KFN40 was grown on YPD medium (It ye^st extract, 2t 
peptone, (both from Difco laboratories), and 2% glucose). A 10 ml culture 
of the strain was shaken at 30*'C to an 00^„ of 26. After 
centr ifugation the supernatant was analyzed by reversed phase HPLC and 13.5 
mg/1 precursor was found . 

The analogue in the supernatant was ccncerrt^atej on a cation e^chan^e 
cofumn at low pH foilj^^^-^ bv Jesorcrico v. i s.Mto-i- ' -•..r*->o 



Crystallization was cerformed with an aiccholic cit--a-e o-jffer. 
iV. Transpeptidation 

0.2 mole . (47.1 g) Thr-OBu^ HOAC was Dissolved in OKF to give 100 
ml solution, 50 ml 75. 5Z, v/v DMF in water was added and 10 g of crude 
827G1U. B(l-29)-Ala-Ala-Lys-A(l-21) human insulin was dissolved in the 
mixture, which was thermostated at I2°C. Then i 5 of trypsin in 25 ml 
0.05 M calciuT acetate was aaded and after 24 h at 12°C the mixture was 
added to 2 liter of acetone and the precipated peptides were isolated by 
cen^rifugation and dried in vacuo. The B27Glu. B30Thr-0Bu*^ human ins-ilin 
was purified on a preparative HPLC column with silica-CIS as column 
material . 

V. Conversion into 827 human insul in 

The B27Glu. B30Thr-0Bu^ human insulin was dissolved in 100 ml 
triflour acetic acid. After 2 hours at room temperature the solution was 
lyophilized. The lyophilized powder was dissolved in 400 ml 47.5 mM sodit 
citrate at ph 7. The peptides were precipitated at pH 5.5 after adaition 
of 2.4 ml 1 M ZnCl^. isolated oy centrifugation aid dried in vacuo. The 
product was purified by anion exchange chromatography and desalted by gel 
filtration. Yield: 1.7 g of B27Glu human insulin. 
Example 3 

Preparation of B9Asp human insulin 

B9Asp hu.Tan insulin was prepared by transpeptidation of B9Asp. 
3(l-29)-Ala-Ala-Lys-A(1-2n human insulin with Thr-OBu* and acidolysis of 
the obtained threonine ester with triflour acetic acid. 
L — Constructi on of a gene ±oco6 i ng B9Asp. B( l-29)-Ala-Ala-Lvs-A( 1-21 ) 
human insul in 

This gene was .instructed in the same manrier as described for the 
gene encoding 827Glu. B( 1 -29 )-AI a-A 1 a-Lys-A(l -Z i , hurr.an insulin by site 
specific mutagenesis of pKFNZT directed by a 2 3 ^utaje.nesis pri,;ier 
d(CTTGTOCGGrG.-CrACyTGG^:G.v »:dsn.:(j p>fN38 we.; .-..w. to contain t-^ 



cV^N3^=. was t. *;*.nsfc:-rned into S. cerevi siae strain My663 by the 
S5r:-e o-o.:e-:^-.re i • • exanic'e 2, :: and a transformant KFN41 was isolated. 

PI e s s ^r- zf B9^sp. ci T-? 9)-A]a- A 1 a-Lys-A( i -2 1 ) hu man ins ulin 

''e,^s: s::-ain <'rN4: v.a? c^own or. YPD medium as described in example 
— "■ ; ■ ^'"e ^.naiogue orecursor was found in the 

IV. Tr a- ^-zceo: i dati on 

1.^ g of crude B^^sp, B( l-29)-Ala-Ala-Lys-A(l-21 ) human insulin was 
transpeGT'-dated as described in example 2, IV to give B9A:p, B30Thr-OBu^ 
human \ :-j < i n . 

V. Corvers ^on 

T'5 £9Asp. 33CThr-0Bu~ human insulin was converted into B9Asp human 
insuiir. i: described in example 2, V. Yield: G.83 g B9Asp human insulin. 
Example ^ 

Preparatio n of 59A$p, 827Gn j human insulin 

B9Asp. B27Glu human insulin was prepared by transpepti daticn of 
e9Asp. B27G1U B( 1 -2 1 )-Al a-Al a-Lys-A( 1 -21 ) human insulin with Thr-OBu^ and 
acidc:ys:s of tne obta^'ned threonine ester with triflour acetic acid. 

L Co ns-ruction of a gene encoding B9Asp ,B27G 1 u . B( 1 -29)-Al a-A i a-Lys-A( 1 -2 1 ) 

human ^ .-".su i : n 

A 367 bp EcoR]-Hind3 fragment from pKFN38 (see example 3> and a 1^0 
bp H:r:d3-Xbai fragment fi-om pKFN37 (see example 2) were ligated tc the 
large Xbal-EcoRl fragment of plasmid pUC13 (this plasmid was constructed as 
described for pUC8 and pUC9 by Vieira et al . (1982;, Gene 19, 259-258). 
The licarion mixture was transformed into £. col i (MT 172) selecting for 
amp^c'-'r^r 'esista"ce. -'is-Tiios were prepare from i numbe^ :;f 



restiMction enzyme patterns, was Mgated to a 7.8 K.b >be!-l^:pnl fragment and 
a 4.3 kb Kpnl-EcoRl fragment both from qM^SM (described in Danish patent 
application No. 1293/84). The ligation mixture was transformed into E. col 
(Mtl72) selecting for ampicHlin resistance. Plasmid dKFN4? from one of 
the resulting colonies was shown to contain the gene for the desired 
insulin derivative precursor by DNA sequencing of a 0.5 kb Xbai-EccRl 
fragrne-r. The ccn^r-j-:rion of pKFN43 is illustrated in fig. 5. 
1 1 . Transformarion 

Plasmid p<FN38 was transformed into S. cerevisiae strain MT663 by the 
same procedure as in example 2. II and a transformant KFN44 was Isolated. 
III. Expression of B9Asp . B27G1 u . B( l-2q)-A1^-A1^-i vc,flM-9j_^^f^^^^^ 

Veast strain KFN44 was grown on YPD medium as described in example 2, 

III. 7.3 mg/] the insulin analogue precursor was found In the 
supernatant . 

IV. T-anspept i datlon 

=2.7 g of crude B9Asp . B27G1 u . B( 1 -29)-A] a-Al a-Lys-A( 1 -2 1 ) human 
insulin was transpepti da ted as described in example 2. IV to give 
B9Asp.B27G!u,B30Thr-OBu^ human insulin. 

V. Conversion 

The B9Asp,B27Glu.B30Thr-OBu^ human insulin was converted into 
B9Asp,B27Glu,B30Thr human insulin and purified as described in example 
2.V. Y^eld: l.O g B9Asp.B27Glu human insulin. 
Exar.D ■ e 5 

Preparation of A8Hi s , B9Asp , B27G1 u human ins ulin 

A8Hi s .B9Asp.B27G1u human insulin was prepared by transpepti dat ion of 
ASHis.B9Asp,B27G]u, 8( i-29)-Ala-Ala-Lys-A( ] -21 ) human insulin wirn 
Thr-Csj^ and acidolysis of the obtained threonine ester with tr}f]:yjr 
ace:*-: add as describee in example 2. 



I_. Constructi o n cf a gene encoding A 8Hi s , S9Aso.S.? .'GJ u , BO -29 > -A] a-A 1 a-Lys - 

^-21 ) human i nsul \ n 

This gene was constructed by oligonucleotide directed mutagenesis 

using a gapped duplex procedure (Y. Morinaga. T. Francesch i n i . S. Inouye. 

and M. inouye (1984), Biotechnology 2, 63G-639). The pUC13 derived plasmid 

encoding the MFal leader sequence and the B9Asp.B27Glu human insulin 

precui'.scr (fig. 5) v/a': cut with Hpal and Xbal. The large fragment wa's 

mixed with the plasmid linearized with Ndel. After heat denaturation and 

cooling the mixture contains gapped duplexes with a single stranded 

"window*' in the region corresponding to. the i nsul i n ^precursor gene 

(Hpal-Xbal), The 37-mer mutagenic mismatch primer d(GAACAATGCTGTCACTCCA 

TCTGCTCCTTGTACCAAT) was hybridized to the gapped duplex followed by filling 

in with Klenow polymerase and ligation. The mixture was used to transform 

F. col i (MT172) selecting for ampicillin resistance. Mutants were 

32 

identified by colony hybridization with an IS-me" 5'- P-labelled probe 
d(AATGCTGTCACTCCATCT) . After re transformat i on a plasmid from one of the 
resulting colonies was shown to contain the desired mutation by DNA 
sequencing of a 0.5 kb Xbal-EcoRI fragment. This plasmid was used for 
construction of the yeast plasmid pKFN 102 as described in example 4 for 
the construction of pKFN43. 

I I . Transformat ion 

Plasmid pKFN102 was transformed into S. c erevi siae strain MT663 by 
the same procedure as in example 2. II and a transf orman' <FN109 was 
1 solated. 

III. Expression of A8H1 s .B9Asp,B27G l u, B(l- 29)-Al a-Ala-Lys -A(l -21 ) human 
1 nsul i n 

^east strain k:FN109 was grown on YPD medium as described in example 
2, III. 2; -5 mg/1 of tne ir-sulin analogue pre;.. was found in the 



IV-V. Trgnsoept i dat ion and co nvj^-_si on 

22.0 g crude ASHis, B9A3D . 827G1 u , 8( 1 -29 ) -Al a-A 1 a-Lys-A( 1 -2 1 ) human 
insulin was transpeptida ted . converted and purified as described in example 
2, IV-V. Yield: 4.0 g A8H i sB9AspB27Gl u human :nsulin. 
Ex ample 6 

Preparation of B 12Ile human insul in 

Si2Ile human insulin was preoared by transpept i dat ion of B12ile, 
B( l-29-Aid-Ald-Lys-A(l-21 > human insulin with rhr-QBu'' and acidolysis of 
the obtained threonine ester with triflour acetic acid as described in 
10 example 2.. 

L Construction of a gene encoding B12Ile, B( l-29)-Ala-Ala-Lys-A( 1-21 ) 

human i nsul i n 

A 0.5 kb EcoRl-Xbal fragment of pMT598 (the construction of plasmid 
PMT598 Is described in EP patent application No. 0163529A) encoding MFal 
leader (minus Gl u-Al a-Gl u-Al a)-B( 1 -29)-Al a-Al a-Lys-A( 1 -21 ) was Inserted 
into Mi3 mplO RF mage cut with Xbal-EcoRI and the corresponding single 
strand DNA was purified from the M13 mplO recombinant phage. The single 
strand template ONA was hybridized to a mutagenic 27 mer primer NOR-92 
d(GTAGAGAGCTTCGATCAGGTGTGAGCC) and a M13 uni versal sequend ng primer 
d(TCCCAGTCACGACGT) . The primers were extended by dNTPs and Klenow 
polymerase and ligated by T4 DNA ligase. The mutagenic primer KFN92 was 
chosen so as to destroy a BstNl site (unique in the Xbal-EcoRl fragment). 
Therefore, to setc-t against unmutated EcoRl-Xbal fragment, the mixture was 
cut with BstNl and subsduently with EcoRl and Xbal, and ligated to EcoRl 
and Xbal cut pUCl 3 vector, r /cm one of the transformants obtained, a 
plasmid, pMT760. lacking the BstN! site in the Insulin coding sequence was 
chosen. The desired mutated sequence was verified by Maxam-Gi Ibert DNA 
sequencing. Plassrid pMT760 contains a 0.5 kb EcoR!-Xba' sequence 
•:vr:-esponr! -r;; ::e same frn^^^-i' ^ • cr- rM'598 ::e? H:::ve; acart from a 
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yeast expression plasmid by ligation of the O.s'kb EcoRl-Xbal fragment of 
PMT760 to a 7.8 kb Xbal-Kpnl and a 4.3 kb KpnUEcoRl fragment from pMT644 
to give pMTA. 

IN V. Transformation. Expression. T ranspepti dation Cnr^r^^ 

Plasmid pMTA was transformed into yeast strain MT663 as described in 
example 2. II .nd the transformant strain MTA was grown as described in 
e:<ar.ple 2. III. 10.4 mg/1 of the insulin analogue precursor was found in 
the supernatant. 10 g of the crude analogue precursor was transpepti dated . 
converted and purified as described in example 2. IV-V. Yield: 1.3 g of 
B12Iie human Insul in. 
Example 7 

P.-!" p ara t ion of B12Tyr human insuli n 

B12Tyr. human insulin can be prepared by transpeptidation of B12Tyr. 
B(l-29)-Ala-Ala-Lys-A(l-21) human insulin with ThrW and acidolysis of 
the obtained threonine ester with triflour acetic acid as described in 
example 2. 

L^Construction of a gene encod ing B12Tvr. B( 1-29)-Ala-Ala-Lvs-A( > 

human insul in 

The gene was constructed by a method analogue to the method for the 
preparation of the gene encoding B12Ile. B(l-?9)-Ala-Ala-Lys-A(l-21 ) human 
insulin with the only exception that primer FFN93 d(GTAGAGAGCTTCGTACA 
GGTGTGAGCC) was used instead of KFN92. 

II-IV. Transformation, Expression, Tr^^ n spept'dation . Conversion. 

Steps II - III were performed as described in example 2. 1.7 mg/1 of 
the insulin analogue precursor was found in the supernatant. The crude 
analogue precursor can be transpeptidated. converted and purified as 
described in example 2. VI-V to give B12 Tyr human insulin. 
Examp l e j 



B<l-29)-Ala-Ald-Lys-A(l-21) human insulin with Th. OBu*^ and acidoly.is of 
the obtained threonine rster with triflour acetic acid as described in 
example 2. 

L Constructi on of a gene encoding BlQAsp. B( 1 -29)-A1a-Ai a-Lvs-A( 1 -2 1 ) 

human insulin 

The gene was constructed by a method analogue to the method for the 
preparation of the gene encoding B12IIe. (B(l-29>-AIa-AIa-Lys-A( l-Zi > human 
insulin with the only exception that primer KFN94 dCAGCTKCACCAGATCT 
GAGCCGCACAG) was used instead of KFN 92. 

II-V. Transformati on. Expression. Tran s^p pti dati on . Conversion 

Steps II-III were performed as Uc.cribed in example 2. 36 mg/1 of 
the insulin analogue precursor was found In the supernatant. The crude 
analogue precursor was transpeptidated. converted and purified as described 
in example 2. IV-V. Yield: 7.6 g of BlOAsp human Insulin. 
Example 9 

Preparation of B28Asp human insulin 

B28Asp human Insulin was prepared by transpeptldation of B28Asp. 
B(l-29)-Ala-Ala-Lys-A(l-21) human insulin with Thr-OMe and hydrolysis of 
the obtained threonine ester at a pH of about 8 to 12. 

— Construction of a ge ne encoding B28Asp. B(l-29)-A1a-Ala-Lys-A( 1-2 1 ) 
human insulin 

A 0.5 kb EcoRI-Xbal fragment of pMT 462 (the construction of plasmid 
PMT462 Is described in Danish patent application No. 1257/86) encoding the 
MFal leader (minus Gl u-Ala-Gl u-Ala)-B-C-A. i.e. the human prolnsulin gene 
preceded by the modified MFal leader, was Inserted into M13 mplO RF phage 
cut with Xbal-EcoRl and the corresponding single strand DNA was purified 
from the M13 mplO recombinant phage. The single strand template DNA was 
hybridized to a mutagenic 41 mer primer NOR 205 d( TTCCACAATGCCCTTAGCGGCCTTG 
TCTGTGTAGAAGAAGC) and a Mi3 universdl sequencing piiaier d( TCCCA.iTCACGACC^ > 



DNA lig£iso. 

Arte- phenol extraction, ethanol precipation and resuspens ion , the 
DNA waS'Cut with restrictior, enzymes Apa K Xbal and EcoRl . After another 
phenci extraction, ethonal precipitation ar.d resuspens ion , the DNA was 
ngated to EcoRl-Xbal cut pUC13. The ligation mixture was transformed into 
an E. col i (r*m^) strain and plasmlds were prepared from a number of 
transformants . Plasmid preparations were cut with EcoRl and Xbai and tho^o 
preparations showing bands at both 0.5 and 0.6 kb were re transformed into 

co_n. From the retransformation a transformant harbouring only pU13 
with a 0.5 insert was selected. 

From one of the transformants obtained a plasmid pMT881 with the 
desired mutation at B28 (Pro ^ Asp) was chosen. The mutated sequence was 
verified by Maxam-Gi 1 tert DNA Sequencing. The mutated sequence was then 
moved onto a yeast expression plasmid by ligation of a 0.5 kb EcoRl-Xbal 
fragment of pMTSSI to a 7.8 kb Xbal-Kpnl and a 4.3 kb Kpnl-EcoRl fragment 
from pMT644 to give pMTAl . 

II . Transformation 

Plasmid pMTAl was transformed into cerevi srae strain MT663 by the 

same procedure as in example 2, II and a transformant MTAl was isolated. 

ilJL Expression of B28Asp. B( l-29)-Al a-AI a-Lys-A( 1-21 ) huma n Insulin 

, ^ 

Yeast strain MTAl was grown on YPD medium as described in example 2. 

III. 7.2 mg/1 of the insulin analogue precursor was found in the 
supernatant. 

IV. Transpeptldation 

The crude B28Asp.B(l-29)-Ala-Ala-Lys-A( 1-21 ) was transpepti dated^ as 
described In example Z, IV by substituting Thr-OBu^ with Thre-OMe to give 
B28Asp,B30Thr-OMe human Insulin. 
Conversion 

The B28Asp.e30Thr-OMe human insuMr. was dispersed in water to 1% 
(w/v), and was dissolv-^d by addition of IN sodium hydroxioe ro a pH value 



10.0. The pH value was kept constant at 10.0 for 24 hours at Z5°C. The 
B28Asp human insulin formed was precipitated by addition of sodium chloride 
to about 3X (w/v), sodium acetate trihydrate to about 1.4% (w/v), and zinc 
acetate dihydrate to about 0.01% (w/v) followed by addition of IN 
hydrochofic acid to pH 5.5. The precipitate was isolated by cen tr i f uga t ion 
and purified by anion exchange chromotography and desalted by gel 
filtration. Yield 0,2 g B28Asp human insulin. 
Example 10 

Preparation of A2]Asp ,B9Asp,B27Gl u human insulin 

A21Asp,B9Asp.B27Glu human insulin was prepared from B9Asp,B27Glu 
human insulin by selective deamidation (hydrolysis of a 57. solution for 14 
days at 37*^C, pH 2.5). The deamidated product was isolated by anion 
exchange chromatography. 
Example 11 

Preparation of B27Glu,A21Asp human insulin 

B27Glu,A21Asp human insulin was prepared by transpept i dation of 
B27Glu.A21Asp.B(l-29)-Ala-Ala-Lys-A(l-21 ) with ThrOBu^ and acidolysis of 
the obtained threonine ester with triflour acetic acid as described in 
example 2. 

B27GluA21AspB(1-29)-A1a-Ala-Lys-A(l-21) was prepared from 
B27Glu,B(l-29)-Ala-Ala-Lys-A(l-2]) (see example 2) by deamidation as 
described in example 10. 

Characterization of human insulin analogue of the present invention 
Determination of molecular weights (Gutfreund H. Biochemical Journal 42 
(544) 1948). 



Method Knauer Membran Osmometer 
Type: 1.00 

Membran: Schleicher and Schull 
Type: R52 

Solvent: 0:05 H NaCl pH 7.5 
Temp.: Zi^'C 

Results: All types of insulin were measured at a concentration of 4 mg/ml 
Table 1 

Type of insulin Molecular weight 
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k Dal ton 


Human 2Zn i nsul i n 


36 ± 2 


Human Zn free i nsul i n 


29 ± 1 


Zn free B27Glu human Insulin 


22 ± 1 


- - B12Ile human insulin 


17 ± 1 


- - B27G]u,A21Asp human insulin 


8 ± 1 


- - B9Asp,B27G1u human insulin 


6 ± 1. 


- - B9Asp human insulin 


6 ± 1 


- - B9Asp,B27Glu,A21Asp human insulin 


6 ± 1 


- - B9Asp,B27Glu.A8H1s human insulin 


9-3 


- - BlOAsp human Insulin 


12 ± 1 


- - B28Asp human insulin 


9 ± 2 



It. appears from the above table i that the human insulin analogues 
have a markedly reduced molecular . wei gnt compared with human insulin 
meaning that the self-associating into dimers, tetramers and haxamers is 
less pronounced or in several cases even lacking. 



Table 2 

Half life and Biological potency 
Human insulin analogue 



1/2 

(X of human 
insul in) 



Biological potency** 
7o of human i nsu 1 \ n 
(9570 conf . interval ) 



B27G1U human insulin 78 

B9Asp,B27Glu human insulin 54 

B12Ile human insul in 78 

B27Glu ,A21Asp human insulin 56 

B9Asp human insulin 52 

A21Asp,B9Asp»B27Gl u human insulin 56 

A8His,B9Asp,P27Glu human insulin 68 

BlOAsp human insulin 64 
B28Asp human insul in 



101 (83-123) 

I iO (90- 1 39) 

91 (80-103) 

64 (58-71) 

80 (72-90) 

75 (66-85) 

116 (101-135) 

104 (92-18) 

104 (95-114) 



* Time to 50% disappearance from injection site (subcut.) in 

pigs. Method according to Binder 1969 (Acta Pharmacol. Toxicol 
(suppl 2) 27:1-87) 
** Mouse Blood Glucose Assay according to European Pharmacopoeia 
It appears from the above table 2 that the time to 50% disappearance 
of the insulin analogues from the Injection site is substantially reduced 
when compared with human insulin. 

The biological potency of the insulin analogues is comparable with 
human insulin or only slightly reduced. 



The claims defining the invention are as follows:- 

I. Rapid acting human insulin analogues, characterized in that they 
have the formula I 



X J 



CO I X 



(I) - 



CO 



-co 



CO 



cn 



1 CXN 



CO 



c3 



CO 



CI) ^ 

(Vi 3 



(¥) 



co-( 



cx: 



( >< ) ^ 

( X • 



wherein the X'"> are the amino acid res^Jues of hu.T.jr. -.iiuiin or the :,c^fne or 
different amino acid '^esidue substitution:, the net function of which is to 
impart to the molecule the same charge or a greater negative charge at 
neutral pH than that of human insulin, with the proviso that at least one X 
is different from the amino acid residues of human insulin at the 
respective position in the insulin molecule and that when X in position 
A(8> is His or Phe . X in position A(Z-) \z A-.p^ .x in position B(5) is Ale. 
X in position B(9) is Leu. X in position B(IO) is Asn or Leu, X in position 
B(12) is Asn or X in position 8(26) is Ala, then at least one of the 
remaining X's are different from the amino acid residues of human insulin 
at the respective position in the insulin molecule and with the further 
proviso that one or more amino acid residues may have been removed from the 
N- and/or C-terminal ends of the A- and/or B-chain. 

2. Insulin analogues according to claim 1. wherein the amino acid 
res'.due substitutions are more hydrophilic than the amino acid residue of 
human insulin at the respective position In the insulin molecule. 

3. Human insulin analogues according to claim 1 wherein not more 
than about 7 of the X's are different from the amino acid residue at the 
corresponding position in human insulin. 

4. Human insulin analogues acco'^ding to claim 1, wherein the amino 
acid substitutions are selected from the group consisting of Asp. Glu. Ser, 
Thr, His. and lie. 

5. . Human insulin analogues according to claim 1. wherein the amino 
acid residue substitutions are Asp and/or Glu. 

6. Human insulin analogues according to claim K wherein at least 
one X in position B(9). B(10). B(12). BC26). 8(27), or 8(28) is different 
from the amino acid ^'esidue at the corresponding site in the molecule of 
human i nsu 1 in. 

7. Hunan \r.zs:'- anaio^uGs a:y; r-^' J : to cl a ./h^-'rin :^^:'!e^^t 



acid res^jue at zho correspcn J i ng s'ite the inoiecule of h-jma:^. iniu-'n. 

8. Hurrar. insulin analogue according to clai-r. 1. wherein X in 
position B27 is Glu, X i: position B12 is lie, or Tyr. X in position A2) is 
Asp and position 827 is Glu. X in position 89 is Asp, X in position A21 and 
in positicrt B9 is Asp and in position 627 is Glu, X in position AS is His, 
in position 89 is Asp and in position 82 7 is Glu, X in position BIO is Asp, 
X in posi.ticn 59 is As:, ana in position 32/ -s Glu. c X in position 328 is 
Asp . 

Human insulin analogues according to clai'n ". . characterized in 
that they lack up to four amino acid residues at the N-Le'minai of the 
3-chain and/or up to five amino acid residues at the C-terminal end of the 
5-chain. 

10. Human ir.sulin analogues according to claim 9, characterized In 
tl:at they lack the B(l /-amino acid i-esidue and/or the B(30)-am1no acid 

!^ e s i d u e . 

11. A method for the preparation of human insulin analogues 
according to claim 1, wherein a yeast strain containing a replicable 
expression vehicle comprising a DNA-sequence encoding a precursor of the 
insutir. analogue is cultured In a suitable nutrient medium, and the 
precur-sor is recovered from the culture medium and converted into the novel 
insulin analogue by enzymatic and chemical in vitro conversion. 

12. A method for the preparation of human Insulin analogues 
according to claim 1, wherein a biosynthetic precursor of the general 



CM 



00 
fM 



04 



PC 



in 



o 



V 00 



VS.; 

r-i : 

X ; 

'3 J 



\ 



O 

CM 



in 



V5 X 



! X ; CTi 



x: : 



-co 



V *-H . OO 

i X ^ tn 



wherein is a peptide chain with n naturally occuring amino acid 
residues, R is Lys or Arg, n is an "'nteger from 0 to 33. m is 0 or 1. and 
the X's are defined as above with the proviso tht^t; the peptide chain 
-Op-R- cJoes not contain two adjacent basic amino acid residues is reacted 
with ah L-threonine ester In the presence of trypsin or a trypsin 
derivative followed by conversion of the obtained threonine ester of the 
human insulin analogue into the human insulin analogue by known methods. 

13. A method for the production of human insulin analogues according 
to claim 1, wherein a blosynthetic precursor of the general formula III 



. u 



o 



00 



CO 



Of \ 



in 



o 



CO 



. to 



o 



•3; 



M 



X ; CO 



CO 



in 



IX' m 



C 

X r-j 



wherein S and T are each Lys or Arg and the X's are defined as above, are 
reacted with trypsin and carboxypeptidase 8 in aqueous solution and the 
human insulin analogue is recovered from the reaction mixture. 

14. A process for the preparation of human insulin analogues 
according to claim 1, wherein the insulin analogues containing -the 
appropriate amino acid substitutions are synthesized chemically according 
to known methods, or A- and B-chains containing the appropriate amino acid 
substitution are synthesized chemically according to known methods and the 
modified A- and B-chains are linked together by establishing disulphlde 
bridges between A(7)Cys and B(7)Cys, and between A(20)Cys and B(19)Cys and 
the internal A-chain bridge between A(6)Cys and AdDCys. 

15. Injectable solutions with insulin activity^ characterized In 
that they contain a human insulin analogue according to claim 1 or a 
pharmaceutical ly acceptable salt thereof in aqueous solution preferably at 
neutral pH. 

DATED this TWENTY-NINTH AUGUST 1986 
NOVO Industri A/S 

Patent Attorneys for the Applicant 
SPRUSON & FERGUSON 
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